TIME SCHEDULING SYSTEM 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 This invention relates to cellular mobile communications and more 

especially, a technology for providing multiplicity through allocating time slots 
by having time divisions for multiple terminals. 

2 . Description of Relate d Art 

For cellular mobile communications, time division multiplexing involves 

10 multiple terminals differentiated for each time period being allocated a time 
slot thereby enabling multiple terminals to be employed. A problem results 
when transmitting from multiple different neighboring base stations at the 
same time however, because as there is a close distance between receiving 
terminals there is a great degree of interference occurring through 

15 transmission from a nearby base station to a terminal. 

As shown in FIG. 7 for example, as transmission is occurring 
simultaneously from base station 1 to terminal A and from base station 2 to 
terminal B because there is a very short distance between terminal A and 
terminal B there is a great degree of interference occurring from base station 1 

20 to terminal B and from base station 2 to terminal A. 

A conventional method for solving this kind of problem is to have 
transmission from only one base station or a method whereby closely located 
multiple base stations transmit to only one terminal. The time scheduling 
method in "Simple Inter-Cell Coordination Schemes for a High Speed CDMA 

25 Packet Downlink" Proceedings of VTC 2000 Spring, 2_09_02 will now be 
described with reference to FIGS. 8 and 9. 

In FIG. 8 only base station 1 is transmitting and base station 2 does not 
transmit at the same time, therefore there is no interference directed at 
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terminal A. In FIG. 9 both base station 1 and base station 2 transmit to 
terminal A. In addition to eliminating interference for terminal A this 
achieves a diversity effect. 

Thus with the conventional time scheduling scheme described, when a 
5 terminal is located in a boundary region of respective cells of neighboring base 
stations transmission can only be performed from one neighboring base station 
or neighboring base stations can only transmit the same signal to one terminal. 

The above problem means that a base station needs time slots when it 
can be used or carriers are restricted. This leads to an inefficient rate of 
10 terminal access. 

SUMMARY OF THE INVENTION 
Against this background the object of the present invention is to provide 
a time scheduling scheme that operates so that even with neighboring base 
stations, carriers of the same frequency can be allocated to their respective 
15 terminals in the same time slot, enabling more efficient access between base 
stations and terminals. 

To solve the problem described above the first time scheduling scheme 
provided by this invention allocates time slots such that when one base station 
from among neighboring base stations is transmitting to a terminal located in a 
20 boundary region of respective cells of the neighboring base stations, other base 
stations transmit to terminals located in area other than the boundary region. 

The second time scheduling scheme provided by this invention operates 
to allocate time slots such that when one base station from among neighboring 
base stations transmits to a terminal in a boundary region of respective cells of 
25 those base stations in sector i (i being a natural number less than or equal to N) 
that is one of N sectors (N being an arbitrary natural number) into which the 
cell is divided, the other base stations transmits to terminals located in area 
other than the boundary region of respective cells of those base stations in the 
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sector opposing said sector i and boundary regions in either of j (j being an 
integer 0 to N-l) adjacent sectors neighboring both sides of said opposing sector. 

The third time scheduling scheme provided by this invention operates to 
share among neighboring base stations information on communication quality 
5 of terminals in respective cells of those base stations and to allocate time slots 
such that when any base stations is transmitting to a terminal the 
communication quality information of which is equal to or below a first 
threshold, the other base stations transmit to terminals the communication 
quality information of which is equal to or above a second threshold which is 

10 greater than said first threshold. 

The fourth time scheduling scheme provided by this invention operates to 
share among neighboring base stations information on communication quality 
of terminals in respective cells of those base stations and to allocate time slots 
such that when any base station is transmitting to a terminal located in sector i 

15 (i being a natural number equal to or less than N, and is itself one sector of cell 
divided into N sectors where N is an arbitrary natural number) the 
communication quality information of which terminal is equal to or below a 
first threshold, the other base station transmit to terminals located in the 
sector opposing said sector i or in either of j (j being an integer of 0 to N-l) 

20 adjacent sectors neighboring both sides of said opposing sector and having 
communication quality information equal to or above a second threshold which 
is greater than said first threshold, or to a terminal located in area other than 
said opposing sector and adjacent sectors. 

The fifth time scheduling scheme provided by this invention operates to 

25 share among neighboring base stations information on communication quality 
of terminals in respective cells of those base stations wherein the information 
on communication quality is divided into communication quality classes M (M 
being a natural integer) and to allocate time slots such that said neighboring 
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base stations simultaneously transmit to terminals that have different 
communication quality classes. 

The sixth time scheduling scheme provided by this invention operates to 
share among neighboring base stations information on communication quality 

5 of terminals in respective cells of those base stations wherein the information 
on communication quality is divided into communication quality classes M (M 
being a natural integer) and to allocate time slots such that said neighboring 
base stations transmit simultaneously to terminals of different communication 
quality classes and/or terminals located in non opposing sectors. 

10 That is to say, the present invention relates to a time scheduling system 

for a cellular communication system comprising multiple base stations and 
multiple terminals wirelessly connected to these multiple base stations, each of 
said multiple base station includes an allocating means for allocating a 
different time slot for each of said multiple terminals connected to the base 

15 station. 

A characteristic of this invention is that the allocating means includes a 
first allocation means for allocating a different time slot among neighboring 
base stations for a terminal located in a boundary region of respective cells of 
these neighboring base stations when each of these neighboring base stations is 

20 to communicate with the terminal by allocating a time slot. 

Further, it is suitable for the allocating means to include a second 
allocation means which allocates time slots such that when one of said 
neighboring base stations is transmitting to a terminal in a boundary region of 
respective cells of those base stations in sector i (i being a natural number equal 

25 to or less than N) that is one of N sectors (N being an arbitrary natural number) 
into which the cell is divided, the other base stations transmit to terminals 
located in area other than the boundary region of respective cells of those base 
stations in the sector opposing said sector i and boundary regions in either of j (j 
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being an integer 0 to N-l) adjacent sectors neighboring both sides of said 
opposing sector. 

Alternatively, the allocating means may include a third allocation means 
which shares among neighboring base stations information on communication 
5 quality of terminals in respective cells of those base stations and allocates time 
slots such that when any base stations is transmitting to a terminal the 
communication quality information of which is equal to or below a first 
threshold, the other base stations transmit to terminals the communication 
quality information of which is equal to or above a second threshold which is 

10 greater than said first threshold. 

It is also suitable for the allocating means to provide a fourth allocation 
means which shares among neighboring base stations information on 
communication quality of terminals in respective cells of those base stations 
and allocates time slots such that when any base station is transmitting to a 

15 terminal located in sector i (i being a natural number equal to or less than N, 
and is itself one sector of cell divided into N sectors where N is an arbitrary 
natural number) the communication quality information of which terminal is 
equal to or below a first threshold, the other base stations transmit to 
terminals located in the sector opposing said sector i or in either of j (j being an 

20 integer of 0 to N-l) adjacent sectors neighboring both sides of said opposing 
sector and having communication quality information equal to or above a 
second threshold which is greater than said first threshold, or to a terminal 
located in area other than said opposing sector and adjacent sectors. 

Alternatively, it may be suitable for the allocating means to include a 

25 fifth allocation means which shares among neighboring base stations 
information on communication quality of terminals in respective cells of those 
base stations wherein the information on communication quality is divided into 
communication quality classes M (M being a natural integer) and which 
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allocates time slots such, that said neighboring base stations simultaneously 
transmit to terminals that have different communication quality classes. 

Alternatively, it may be suitable for the allocating means to include a 
sixth allocation means which shares among neighboring base stations 
5 information on communication quality of terminals in respective cells of those 
base stations wherein the information on communication quality is divided into 
communication quality classes M (M being a natural integer) and which 
allocates time slots such that said neighboring base stations transmit 
simultaneously to terminals of different communication quality classes and/or 

10 terminals located in non opposing sectors. 

It may be suitable for the allocating means to include a seventh 
allocation means which uses time scheduling from said first allocation means 
when required communication quality through time scheduling of said first 
allocation means is satisfied and which allocates time slots such that only one 

15 of any of neighboring base stations transmits when required communication 
quality through time scheduling of said first allocation means is not satisfied. 

It may be suitable for the allocating means to include an eighth allocation 
means which uses time scheduling from said second allocation means when 
required communication quality through time scheduling of said second 

20 allocation means is satisfied and which allocates time slots such that only one 
of any of neighboring base stations transmits when required communication 
quality through time scheduling of said second allocation means is not 
satisfied. 

It may be suitable for the allocating means to include a ninth allocation 
25 means which uses time scheduling from said third allocation means when 
required communication quality through time scheduling of said third 
allocation means is satisfied and which allocates time slots such that only one 
of any of neighboring base stations transmits when required communication 
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quality through time scheduling of said third allocation means is not satisfied. 

It may be suitable for the allocating means to include a tenth allocation 
means which uses time scheduling from said fourth allocation means when 
required communication quality through time scheduling of said fourth 
5 allocation means is satisfied and which allocates time slots such that only one 
of any of neighboring base stations transmits when required communication 
quality through time scheduling of said fourth allocation means is not satisfied. 

It may be suitable for the allocating means to includes an eleventh 
allocation means which uses time scheduling from said fifth allocation means 

10 when required communication quality through time scheduling of said fifth 
allocation means is satisfied and which allocates time slots such that only one 
of any of neighboring base stations transmit when required communication 
quality through time scheduling of said fifth allocation means is not satisfied. 
It may be suitable for the allocating means to include a twelfth allocation 

15 means which uses time scheduling from said sixth allocation means when 
required communication quality through time scheduling of said sixth 
allocation means is satisfied and which allocates time slots such that only one 
of any of neighboring base stations transmits when required communication 
quality through time scheduling of said sixth allocation means is not satisfied. 

20 It may also be suitable for the allocating means to include a means to 

allocate a time slot to a terminal which has the lowest communication quality 
class amongst terminals communication quality classes of which are higher 
than k (k being a natural number equal to or less than M-l) when there is a 
vacant slot for allocation for a terminal with communication quality class k. 

25 It may also said be suitable to have a configuration wherein at least one 

of the base stations amongst neighboring base stations includes a means for 
lowering data transmission speed, each base station includes a means for 
transmitting at a uniform transmission power from an antenna with beam 
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directivity perpendicular in relation to the ground, each base station includes a 
means for controlling transmission power so that the received power of each 
terminal of each base station is uniform, or each base station includes a means 
for controlling transmission power so that the received power of each terminal 
5 of each base station is uniform and for transmitting from an antenna with 
beam directivity perpendicular in relation to the ground. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Specific embodiments of the present invention will now be described, by 
way of example only, with reference to the accompanying of drawings in which: 
10 FIG. 1 shows a first embodiment of a time scheduling scheme according 

to the present invention; 

FIG. 2 is an explanatory drawing showing a first embodiment of a time 
scheduling scheme according to the present invention; 

FIG. 3 is a first diagram illustrating the effectiveness of an embodiment 
15 of a time scheduling scheme according to the present invention; 

FIG. 4 is a second diagram illustrating the effectiveness of an 
embodiment of a time scheduling scheme according to the present invention; 

FIG. 5 is a drawing showing a second embodiment of a time scheduling 
scheme according to the present invention; 
20 FIG. 6 is an explanatory drawing showing a second embodiment of a time 

scheduling scheme according to the present invention; 

FIG. 7 is a first diagram illustrating a conventional time scheduling 
scheme; 

FIG. 8 is a second diagram illustrating a conventional time scheduling 
25 scheme; and 

FIG. 9 is a third diagram illustrating a conventional time scheduling 
scheme. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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As shown in FIG. 1, the present invention relates to a time scheduling 
system for a cellular communication system comprising multiple base stations 
1 and 2 and multiple terminals A and B wirelessly connected to these multiple 
base stations 1 and 2 wherein base stations 1 and 2 allocate different time slots 
5 for terminals A and B connected to base stations 1 and 2. 

The specific feature of this invention is that each of base stations 1 and 2 
includes a first allocation means for allocating different time slots between base 
stations 1 and 2 neighboring each other for terminals A and B located in a 
boundary region of respective cells of base stations 1 and 2 when each of these 

10 neighboring base stations 1 and 2 is to communicate with terminals A and B. 

Further, each of base stations 1 and 2 includes a second allocation means 
which allocates time slots such that when one of neighboring base stations 1 
and 2 is transmitting to a terminal in a boundary region of respective cells of 
those base stations 1 and 2 in sector i (i being a natural number equal to or less 

15 than N) that is one of N sectors (N being an arbitrary natural number) into 
which the cell is divided, the other base station 2 or 1 transmits to terminals 
located in area other than the boundary region of respective cells of those base 
stations 1 and 2 in the sector opposing said sector i and boundary regions in 
either of j (j being an integer 0 to N-l) adjacent sectors neighboring both sides of 

20 said opposing sector. 

Alternatively, each of base stations 1 and 2 may include a third allocation 
means which shares among neighboring base stations 1 and 2 information on 
communication quality of terminals A and B in respective cells of those base 
stations 1 and 2 and allocates time slots such that when either base station 1 or 

25 2 is transmitting to terminal A or B the communication quality information of 
which is equal to or below a first threshold, the other base station 2 or 1 
transmits to either terminal B or A the communication quality information of 
which is equal to or above a second threshold which is greater than said first 
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threshold. 

Alternatively, each of base stations 1 and 2 may include a fourth 
allocation means which shares among neighboring base stations 1 and 2 
information on communication quality of terminals A and B in respective cells 
5 of those base stations 1 and 2 and allocates time slots such that when either 
base station 1 or 2 is transmitting to terminal A or B located in sector i (i being 
a natural number equal to or less than N, and is itself one sector of cell divided 
into N sectors where N is an arbitrary natural number) the communication 
quality information of which terminal is equal to or below a first threshold, the 

10 other base station 2 or 1 transmits to terminal B or A located in the sector 
opposing said sector i or in either of j (j being an integer of 0 to N-l) adjacent 
sectors neighboring both sides of said opposing sector and having 
communication quality information equal to or above a second threshold which 
is greater than said first threshold, or to a terminal located in area other than 

15 said opposing sector and adjacent sectors. 

Alternatively, each of base stations 1 and 2 may include a fifth allocation 
means which shares among neighboring base stations 1 and 2 information on 
communication quality of terminals A and B in respective cells of those base 
stations 1 and 2 wherein the information on communication quality is divided 

20 into communication quality classes M (M being a natural integer) and which 
allocates time slots such that neighboring base stations 1 and 2 simultaneously 
transmit to terminals A and B that have different communication quality 
classes. 

Alternatively, each of base stations 1 and 2 may include a sixth allocation 
25 means which shares among neighboring base stations 1 and 2 information on 
communication quality of terminals A and B in respective cells of those base 
stations 1 and 2 wherein the information on communication quality is divided 
into communication quality classes M (M being a natural integer) and which 
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allocates time slots such that neighboring base stations 1 and 2 transmit 
simultaneously to terminals of different communication quality classes and/or 
terminals located in non opposing sectors. 

Alternatively, each of base stations 1 and 2 may include a seventh 
5 allocation means which uses time scheduling from the first allocation means 
when required communication quality through time scheduling of the first 
allocation means is satisfied and which allocates time slots such that only one 
of any of neighboring base stations 1 and 2 transmits when required 
communication quality through time scheduling of the first allocation means is 
10 not satisfied. 

Alternatively, each of base stations 1 and 2 may include an eighth 
allocation means which uses time scheduling from the second allocation means 
when required communication quality through time scheduling of the second 
allocation means is satisfied and which allocates time slots such that only one 
15 of any of neighboring base stations 1 and 2 transmits when required 
communication quality through time scheduling of the second allocation means 
is not satisfied. 

Alternatively, each of base stations 1 and 2 may include a ninth 
allocation means which uses time scheduling from the third allocation means 
20 when required communication quality through time scheduling of the third 
allocation means is satisfied and which allocates time slots such that only one 
of any of neighboring base stations 1 and 2 transmits when required 
communication quality through time scheduling of the third allocation means is 
not satisfied. 

25 Alternatively, each of base stations 1 and 2 includes a tenth allocation 

means which uses time scheduling from the fourth allocation means when 
required communication quality through time scheduling of the fourth 
allocation means is satisfied and which allocates time slots such that only one 
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of any of neighboring base stations 1 and 2 transmits when required- 
communication quality through time scheduling of the fourth allocation means 
is not satisfied. 

Alternatively, each of base stations 1 and 2 includes an eleventh 
5 allocation means which uses time scheduhng from the fifth allocation means 
when required communication quality through time scheduhng of the fifth 
allocation means is satisfied and which allocates time slots such that only one 
of any of neighboring base stations 1 and 2 transmit when required 
communication quality through time scheduling of the fifth allocation means is 
10 not satisfied. 

Alternatively, each of base stations 1 and 2 may include a twelfth 
allocation means which uses time scheduhng from the sixth allocation means 
when required communication quality through time scheduhng of the sixth 
allocation means is satisfied and which allocates time slots such that only one 
15 of any of neighboring base stations 1 and 2 transmits when required 
communication quality through time scheduling of the sixth allocation means is 
not satisfied. 

Further, either base station 1 or 2 at least of neighboring base stations 1 
and 2 may perform data transmission at a lower speed. 

20 Alternatively, each of base stations 1 and 2 may include a means to 

allocate a time slot to terminal A or B which has the lowest communication 
quality class amongst these terminals A and B communication quality classes 
of which are higher than k (k being a natural number equal to or less than M- 1) 
when there is a vacant slot for allocation for a terminal with communication 

25 quality class k. 

Each of base stations 1 and 2 may transmit at a uniform transmission 
power from an antenna with beam directivity perpendicular in relation to the 
ground. 
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Each of base stations 1 and 2 may control transmission power so that the 
received power of each terminal of each base station is uniform. 

Each of base stations 1 and 2may control transmission power so that the 
received power of each terminal of each base station is uniform and transmits 
5 from an antenna with beam directivity perpendicular in relation to the ground. 

The present invention will now be described with reference to the 
drawings. FIG. 1 shows a first embodiment of a time scheduling scheme 
according to the present invention. In FIG. 1 base station 1 transmits to 
terminal A on cell periphery. To avoid interference on terminal A and to avoid 
10 strong interference from base station 1 on terminals under base station 2 itself, 
base station 2 transmits not to terminal B on cell periphery but to terminal B' 
near base station. 

As a method for ascertaining whether or not a terminal is located on cell 
periphery, it is conceivable for example to measure communication quality 

15 information like received power of the terminal or a ratio of received power to 
interference power, which information is transmitted to a base station from a 
terminal with a decision being made that the terminal is located on cell 
periphery if the communication quality information thus measured does not 
satisfy a required threshold. 

20 As shown in FIG. 2, a base station uses an antenna with beam directivity 

perpendicular hi relation to the ground for transmission. Conditions when 
there is a uniform transmission power will now be described with reference to 
FIGS. 3 and 4. 

As shown in FIG. 3, when base station 1 transmits to terminal A 
25 (distance from base station 1 being 9r) on cell periphery, if base station 2 
transmits to terminal B (distance from base station 2 is 9r) located in the cell 
boundary region, an assessment is made of interference from base station 2 to 
terminal A where base station 2 transmits to the more closely located terminal 
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B' (distance from base station 2 is r). To simplify, suppose terminals are 
located on a straight line connecting base station 1 and base station 2. 

Interference power is in inverse proportion to distance to the power of a 
and decreases as the angle from the center of the beam of base station 2 
5 increases. When base station 2 transmits to terminal B, interference I B . A on 
terminal A can be expressed as follows. 

lB.A = P max xf(e B )/{h 2 +(llr)r 2 
B B - cos-WflrMllr) 2 } 1 ' 2 ] - cos^fh/^+Or) 2 } 1 ' 2 ] 
wherein, h is the height of the base station. When base station 2 transmits to 
10 terminal B' interference I B . A on terminal A is expressed as follows. 
I B , A = P max xf(6 B ,)/{h 2 +(llr)r 2 
9 B . = cos^th/^+Ulr) 2 } 1 ' 2 ] - cos^/^+r 2 } 1 ' 2 ] 
wherein, P max represents transmission power of a base station and f(8 B .) 
represents antenna beam directivity perpendicular in relation to the ground, 
15 being a function where the value decreases in relation to the increase of 0 B ,, the 
maximum value being 1. If h = 1 , a = 2 , 
Ib-a = P ma x x f(9 B )/122 

9 B = cos 1 [l/122 1/2 ] - cos 1 ! 1/82 1/2 ] = 1.15 deg 

Va = P max x f(9 B .)/122 
20 6 B . = cos x [l/122 1/2 ] - cos" 1 [l/2 1 ' 2 ] = 39.81 deg 

Accordingly, the ratio of I B ,. A / B . A is 

Wb-a = f(39.81 deg)/f(1.15 deg) 
so the effects of interference suppression increase in proportion to the 
acuteness of the degree of antenna directivity. 
25 Next, interference from base station 2 where terminal A' is located close 

to base station 1 is assessed. In this situation, interference is increased 
through the introduction of the scheme proposed by this invention. When base 
station 2 transmits to terminal B interference I B . A . on terminal A is expressed 
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as follows. 

I B . A . = P raax xf(6 B )/{h 2 +(19r) 2 } 

6 B = cos- 1 [hy{h 2 +(19r) 2 } 1/2 ] - cos- 1 [h/{h 2 +(9r) 2 } 1/2 ] 

Further, when base station 2 transmits to terminal B' interference I B .. A , on 
terminal A' is expressed as follows. 

I B , A . = P max xf(6 B )/{h 2 +(19r) 2 } 

0 B . = cos^th/fl^+Ugr) 2 } 1 ' 2 ] - cos^/^+r 2 } 1 ' 2 ] 
If h = 1, a = 2, these expressions are expressed as follows. 

I B . A =P max xf(9 B )/362 

6 B = cos 1 [l/362 1/2 ] - cos 1 [l/82 1/2 ] = 3.33 deg 

W = P m axXf(e B )/362 

6 B . = cos 1 [ 1/362 m ] - cos 1 [l/2 1 ' 2 ] = 26.99 deg 
Accordingly, the ratio of I B . A . to I B .. A . is 

Ib a/Ib -a = f(3.33 deg)/f(26.99 deg) 
Accordingly, with the scheme proposed by this invention there is an increase in 
interference in comparison to conditions under the conventional methodology 
where both base stations transmit to terminals near base station. 

Best SIR for terminals under base station 1, following the conventional 
methodology would be base station 1 to terminal A' and base station 2 to 
terminal B 1 , while with the scheme proposed by this invention this would be 
base station 1 to terminal A and base station 2 to terminal B. Worst SIR of 
terminals under base station 1, following the conventional methodology would 
be base station 1 to terminal A and base station 2 to terminal B, with the 
scheme proposed by this invention this is base station 1 to terminal A and base 
station 2 to terminal B'. If received power of terminal A is S A and received 
power of terminal A' is S A 

S A = P max /{h 2 +(9r) 2 } - P max /82 

S A . = P max /{h 2 +r 2 } = P raax /2 
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If, under the conventional methodology maximum SIR is SIR AB . and minimum 
SIR is SIR AB 

SIR AB . = S A ./I B , A , = P max /2/{ P max x f(26.99 deg)/362} = 181/f(26.99 deg) 
SIR^ = S A /I B . A = P max /82/{ P max x f(1.15 deg)/122} = 1.5/f(1.15 deg) 
5 This ratio, SIR AB ./ SIRab is 

SIR AB ./ SIR AB = =121 x f(1.15 deg)/f(26.99 deg) 
The ratio is 121 times on an antenna with no directivity, the ratio is 121 times, 
while this value rises further on a directive antenna and the difference in 
communication quality between the different terminals increases. 
10 Next, under the scheme proposed by this invention if maximum SIR is 

SIR A B , and minimum SIR is SIR AB . 

SIR A . B = S A /I B . A , = P max /2/{ P max x f(3.33 deg)/362} = 181/f(3.33 deg) 
SIR AB . = S A /I B , A = P max /82/{ P max xf(39.81 deg)/122} = 1.5/f(39.81 deg) 
The ratio SIR A . B / SIR AB .is 
15 SIR AB / SIR AB , - 121 x f(39.81 deg)/ f(3.33 deg) 

As transmission power is uniform, the ratio is 121 times on an antenna with no 
directivity, unchanged from the conventional methodology. However, the 
sharper antenna directivity is, the smaller this value becomes so rectification of 
the difference in communication quality between different terminals is 
20 conceivable. 

As described, by using the scheme proposed by this invention, even when 
base station 1 and base station 2 are transmitting simultaneously interference 
towards a terminal on cell periphery can be suppressed and the difference in 
communication quality between a terminal near base station and a terminal on 
25 cell periphery of the base station can be rectified. 

Conditions where a terminal transmits using an antenna with beam 
directivity perpendicular in relation to the ground, and transmission power is 
controlled so that received power of each terminal is uniform will now be 
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described with reference to FIGS. 3 and 4. 

Where transmission power is controlled, interference I B . A on terminal A 
when base station 2 transmits to terminal B, can be expressed as follows. 

Ib-a = Pc/[{h 2 +(llr) 2 } 1/2 - {h 2 +(9r)TT 
5 Interference I B .. A on terminal A when base station 2 transmits to terminal 

B' is expressed as follows. 

Ib,a = P c /[{h 2 +(llr)r 2 - {h 2 +r 2 } 1/2 r 
wherein, P c indicates received power of the terminal. If r = h = 1 and a = 2, 

I B _ A = P c /[122 1/2 - 82 1/2 1 2 = P c /3.96 
10 I B , A - P c /[122 1/2 - 2 1/2 f = P c /92.76 

Accordingly, the ratio of I B .. A to I B . A is 

I B , A /I B . A = 0.04 
and interference decreases substantially. 

Next, interference from base station 2 where terminal A' is located close 
15 to base station 1 is assessed. In this situation, interference is increased 
through the introduction of the scheme proposed by this invention. When base 
station 2 transmits to terminal B interference I B . A on terminal A' is expressed as 
follows. 

Ib-a- = Pc/[{ri 2 +(19r)T 2 - {h 2 +(9r) 2 } 1/2 ] 2 
20 Further, when base station 2 transmits to terminal B' interference I B ,. A on 

terminal A is expressed as follows. 

Ib-a- = P c /[{h 2 +(19r)T 2 - {h 2 +(9r) 2 } 1/2 ] 2 
Ifr = h= 1, 

Ib-a = P c /[362 1/2 - 82 1/2 ] 2 = P c /99.42 
25 I B , A . = P c /[362 1/2 - 2 1/2 ] 2 = P c /310.19 

Therefore, the ratio of I B . A . to I B ,. A . is 
WW = 3.12 

Accordingly, with the scheme proposed by this invention there is an increase in 



18 



interference in comparison to conditions under the conventional methodology 
where both base stations transmit to terminals near base station. However, 
this is small in comparison to the level of interference suppression (0.04 times), 
occurring for a terminal under base station 1 on cell periphery. 
5 Best SIR for terminals under base station 1, following the conventional 

methodology would be base station 1 to terminal A' and base station 2 to 
terminal B', while with the scheme proposed by this invention this would be 
base station 1 to terminal A' and base station 2 to terminal B. Worst SIR of 
terminals under base station 1, following the conventional methodology would 

10 be base station 1 to terminal A and base station 2 to terminal B, with the 
scheme proposed by this invention providing base station 1 to terminal A and 
base station 2 to terminal B'. If received power of terminal A is S A and 
received power of terminal A is S A ., 
S A = P C 

15 S A . = P C 

Under the conventional methodology if maximum SIR is SIR AB , and minimum 
SIR is SIR^ 

SIR A . B . = S A ./I B , A , = P c /{ P c /310.19} = 310.19 

SIR AB = S A /I B . A = P c /{ P c /3.96} = 3.96 
20 This ratio SIR AB /SIR AB is 

SIR A . B /SIR AB = 78.33 
resulting in a substantial difference in communication quality between 
different terminals. 

Under the scheme proposed by this invention if maximum SIR is SIR AB 
25 and minimum SIR is SIR AB . 

SIR A . B = S A /I B . A . - P c /{ P c /99.42} = 99.42 

SIR AF = S A /I B , A = P c /{ P c /92.76} = 92.76 
This ratio SIR AB /SIR AB . is 
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SIE AB /SIR AB . = 1.07 

and the difference in communication quality between different terminals is 
rectified in comparison to the conventional methodology. 

As described, by using the scheme proposed by this invention, even when 
5 base station 1 and base station 2 are transmitting simultaneously interference 
towards a terminal on cell periphery can be suppressed and the difference in 
communication quality between a terminal near base station and a terminal on 
cell periphery of the base station can be rectified. 

Conditions where a terminal transmits using an antenna with beam 
10 directivity perpendicular to the ground, and transmission power is controlled so 
that received power of each terminal is uniform will now be described with 
reference to FIGS. 3 and 4. 

Where there is both transmission power control + antenna directivity 
inclination, interference I B A on terminal A when base station 2 transmits to 
15 terminal B, can be expressed as follows. 

I B . A = P c x f(e B )/[{h 2 +(llr) 2 } 1/2 - {h 2 +(9r)r 2 ] 2 

6 B = cosWfl^+air) 2 } 1 ' 2 ] - cos^fh/^+Or) 2 } 1 ' 2 ] 

When base station 2 transmits to terminal B' interference I B ._ A on 
terminal A is expressed as follows. 
20 I B , A = P c x f(6 B )/[{h 2 +(l lr) 2 } 1 ' 2 - {h 2 +r 2 } 1,2 ] s 

6 B . = cos^Pi/^+dlr) 2 } 1 ' 2 ] - cos 1 [h/{h 2 +r 2 } 1 ' 2 ] 
wherein, P c indicates received power of the terminal. If r=h=l, 

I B . A = P c x f(9 B )/[122 1/2 - 82 1/2 ] 2 = P c x f(9 B )/3.96 

9 B = cos 1 [l/122 1/2 ] - cos 1 [ 1/82 1/2 ] = 1.15 deg 
25 I B , A = P c x f(6 B .)/[122 m - 2 1/2 ] 2 = P c x f(8 B .)/92.6 

6 B . = cos 1 [l/122 1/2 ] - cos" 1 [l/2 1 ' 2 ] = 39.81 deg 

Accordingly, the ratio of I B .. A to I I B . A is 

Ib'-a /Ib-a = 0.04 x f(39.81 deg)/ f(1.15 deg) 
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resulting in a substantial decrease in interference. The sharper antenna 
directivity is, the more it becomes effective. 

Next, interference from base station 2 where terminal A' is located close 
to base station 1 is assessed. In this situation, interference is increased 
5 through the introduction of the scheme proposed by this invention. 

When base station 2 transmits to terminal B interference I B . A . on terminal 
A' is expressed as follows. 

I B . A . = P c x f(e B )/[{h 2 +(19r) 2 } 1/2 - {h 2 +(9r) 2 } 1/2 r 

6 B = cos 1 [h/{h 2 +(19r) 2 } 1 ' 2 ] - cos^th/^+Or) 2 } 1 ' 2 ] 
10 Further, when base station 2 transmits to terminal B' interference I B .. A on 

terminal A' is expressed as follows. 

I B , A . = P c x f(e B .)/[{h 2 +(19r)T' 2 - {h 2 +r 2 } 1/2 ]« 

9 B . = cos^th/^+Ugr) 2 } 1 ' 2 ] - cos^/^+r 2 } 1 ' 2 ] 
If r = h = 1 and a = 2, 
15 I B . A . = P c x f(6 B )/[362 1/2 - 82 1/2 ] 2 = P c x f(9 B )/99.42 

9 B = cos 1 [l/362 1/2 ] - cos 1 ! 1/82 m ] = 3.33 deg 

I B , A . - P c x f(6 B .)/[362 1/2 - 2 1/2 ] 2 = P c x f(8 B .)/310.19 

9 B . = cos 1 [ 1/362 m ] - cos ^m 112 ] = 26.99 deg 

Accordingly, the ratio of I B . A . to I B . A is 
20 Ib-a'/Ib-a = 3. 12 x f(3.33 deg)/f(26.99 deg) 

Accordingly, with the scheme proposed by this invention there is an increase in 
interference in comparison to conditions under the conventional methodology 
where both base stations transmit to terminals near base station. However, 
this is small in comparison to the level of interference suppression occurring for 
25 a terminal under base station 1 on cell periphery. 

For best SIR for terminals under base station 1, following conventional 
methodology would be base station 1 to terminal A' and base station 2 to 
terminal B', while with the scheme proposed by this invention this would be 
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base station 1 to terminal A' and base station 2 to terminal B. Worst SIR for 
terminals under base station 1, following the conventional methodology would 
be base station 1 to terminal A and base station 2 to terminal B, with the 
scheme proposed by this invention this is base station 1 to terminal A and base 
station 2 to terminal B'. If received power of terminal A is S A and received 
power of terminal A is S A . 
S A = P C 

If, under the conventional methodology, maximum SIR is SIR AB , and minimum 
SIR is SIR^, 

SIR A . B , - S A ./I A , B , = P C /{P C x f(26.99 deg)/310.19} = 310.19/f(26.99 deg) 

SIR AB = S A /I A . B = P C /{P C x f(1.15 deg)/3.96} = 3.96/f(1.15 deg) 
The ratio, SIR AB ./SIR AB is 

SIRVSIRab = 78.33 xf(l. 15 deg)/f(26.99 deg) 
and the difference in communication quality between different terminals 
increases. The sharper antenna directivity is, the greater the difference is. 

Next, under the scheme proposed by this invention, if maximum SIR is 
SIR AB and minimum SIR is SIR AB 

SIR AB = S A ,/I B . A . = P c /{ P c x f(3.33 deg)/99.42} - 99.42/f(3.33 deg) 

SIR AF = S A /I B , A = P c /{ P c x f(39.81 deg)/92.76} = 92.76/f(39.81 deg) 
The ratio SIR AB /SIR AB , is 

SIR A . B /SIR AB . = 1.07 x f(39.81 deg)/f(3.33 deg) 
and the difference in communication quality between different terminals is 
rectified in comparison to conventional methodology. As the antenna 
directivity becomes more acute for a terminal under base station 1, SIR 
increases when a terminal is on cell periphery becoming larger than a terminal 
near base station. 

As described, by using the scheme proposed by this invention, even when 
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base station 1 and base station 2 are transmitting simultaneously interference 
towards a terminal on cell periphery can be suppressed and the difference in 
communication quality between a terminal near base station and a terminal on 
cell periphery of the base station can be rectified. 

Further aspects of the invention will now be described with reference to 
the drawings. FIG. 5 shows a second embodiment according to the present 
invention. In FIG. 5 a cell is divided into 6 sectors and base station 1 
transmits to terminal A on cell periphery in one sector. Where transmitting to 
a sector opposing a sector to which base station 1 transmits, base station 2 
transmits not to terminal B on cell periphery but to terminal B' near base 
station to avoid interference on terminal A and to avoid strong interference 
from base station 1 on terminals under base station 2 itself. Where 
transmitting to a sector outside a sector opposing a sector to which base station 
1 transmits, base station 2 can transmit to terminal B on cell periphery. 

For example, as shown in FIG. 6 where both terminals transmit to 
mutually non opposing sectors, even when both terminals transmit 
simultaneously to terminals on cell periphery, because those terminals are 
separated by a substantial distance, interference from base station 1 to 
terminal B' and from base station 2 to terminal A is weak. 

As described, by using the scheme proposed by this invention, even when 
base station 1 and base station 2 are transmitting simultaneously interference 
towards a terminal on cell periphery can be suppressed and the difference in 
communication quality between a terminal near base station and a terminal on 
cell periphery can be rectified. 

As described, with the present invention even when closely located 
multiple base stations transmit simultaneously to their respective different 
terminals, interference towards a terminal on cell periphery can be suppressed 
and the difference in communication quality between a terminal near base 
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station and a terminal on cell periphery can be rectified, thereby enabling more 
efficient access between base stations and terminals. 



